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Association between sleep duration and blood pressure
in adolescents
Ineˆs Pacieˆncia1,2, Henrique Barros1,2,3, Joana Arau´jo1,2,3 and Elisabete Ramos1,2,3
In adults, sleep has an important role in the development of cardiovascular diseases. However, in young adolescents, the effect
is unclear. The purpose of this cross-sectional study was to evaluate the association between sleep duration and blood pressure
(BP) in subjects of 13 years of age. We evaluated 1771 adolescents as part of a population-based cohort (Epidemiological
Health Investigation of Teenagers). Sleep duration was estimated based on the difference between self-reported usual bedtimes
and wake-up times, and adolescents were classified into three categories: p8.5 h (reference class), 48.5 h and o9.5 h, and
X9.5 h. BP was measured using the auscultatory method and was classified as high if the systolic or diastolic BP was X90th
percentile according to the American Academy of Pediatrics. To evaluate the association between BP and sleep duration,
the odds ratios (ORs) and 95% confidence intervals (95% CIs) were computed by fitting binary logistic regression models with
adjustments for caffeine intake and depressive symptoms in females and for caffeine intake and sports activities in males. The
mean (s.d.) sleep duration was 9.0 (0.80) h per day. The prevalence of high BP was 32.5%, higher in males (35.3%) than in
females (30.1%, P¼0.019). After adjustment, in females, a positive association was found between sleep duration and high
BP (48.5 and o9.5 h: OR¼1.56, 95% CI 1.07–2.27; X9.5 h: OR¼1.83, 95% CI 1.23–2.70). Among males, no significant
association was found between sleep duration and BP. Sleep duration was positively associated with BP in both sexes, although
after adjustment for potential confounders, this association was significant only for female adolescents.
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INTRODUCTION
Hypertension is an increasingly common health problem in
adults1 and is likely to become increasingly prevalent at younger
ages.2 Between 1988 and 1999, the prevalence of pre-hypertension and
hypertension increased in United States children by 2.3% and 1%,
respectively.3
Several non-modifiable risk factors (such as age and sex) and
modifiable risk factors (such as weight, lifestyle and salt intake) can
have a role in the development of high blood pressure (BP) in
adolescents.4 Modifiable risk factors are the most promising in terms
of prevention because they could be targeted in health promotion
interventions.
Thus, several studies have focused on the role of food intake1 and
physical activity5 on BP. However, during the past few years, the roles
of other modifiable factors, such as sleep duration, have gained
attention.6–9
Different pathophysiological mechanisms may explain the associa-
tion between sleep duration and BP. One important mechanism is
related to the activity of the sympathetic nervous system. Sleep
duration is associated with the sympathovagal balance, and most
endocrine organs respond to changes in this balance, which might
result in an increase or decrease in the release of hormones and in
metabolism changes.10 Short sleep duration results in elevated cortisol
levels, increased BP,11 overactivity of the renin–angiotensin–aldoster-
one system, endothelial dysfunction and renal impairment.7,12
The possible effects of sleep duration on BP are particularly
relevant because during the last 30 years, there has been a decrease
in the sleep duration of the general population,13,14 generally as a
consequence of bedtime restriction.15 During adolescence, less
parental control in defining the bedtime, increased school
requirements and participation in extracurricular activities promote
a reduction in sleep duration and increase the relevance of this factor
as possible determinant of BP.16
Several studies have found that short sleep duration is a
risk factor for hypertension during childhood.12,17 However, during
adolescence, the association between sleep duration and BP is still
unclear; some studies have found an inverse association,18 but others
have reported no association.19,20 As the BP during adolescence is
associated with the BP during adulthood,21,22 it is important to
clarify the effect of this modifiable factor in young individuals to
determine the potential to prevent hypertension and its consequences
later in life.
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The aim of this study was to evaluate the association between sleep
duration and BP in 13-year-old subjects.
METHODS
A cross-sectional study was performed as part of the Epidemiological Health
Investigation of Teenagers in Porto (EPITeen). Eligible participants were
adolescents born in 1990 and enrolled at public and private schools in Porto
during the 2003–2004 school year, as previously described.23 The ethics
committee of Hospital S Joa˜o approved the study, and informed consent
was obtained from adolescents and their legal guardians.
The evaluation included self-administered questionnaires covering infor-
mation on social, demographic and behavioral characteristics and on
individual and family history of disease.
Sleep duration was estimated based on the difference between the usual
bedtime (‘What time do you usually go to bed?’) and wake-up time (‘What
time do you usually wake up?’) for weekdays when school is in session.
Sleep duration was categorized into three classes: p8.5; 48.5 and o9.5;
andX9.5 h per day. Categorization was performed approximately based on the
tertiles of sleep duration.
Depressive symptomatology in adolescents was assessed by self-reported
symptoms using the ‘Beck Depression Inventory II’ (BDI-II).24 The BDI-II is a
21-item self-report scale intended to assess the existence and severity of current
(past 2 weeks) depressive symptoms. The total score can range from 0 to 63,
with higher scores reflecting more severe depression. The BDI-II was
previously validated in Portuguese adolescents, and 13 was the cutoff
indicated to define adolescents presenting depressive problems.25
As a measure of physical activity, we considered the practice of sports
activities, defined as the participant being engaged in physical leisure time
activity (not as a part of the school curriculum) on a repeated basis for at least
30min per week.
The smoking habits and alcohol consumption of the adolescents
were assessed by a self-administered questionnaire. Adolescents were classified
regarding their use of alcohol and tobacco as never users if they had
never consumed alcoholic drinks and if they had never smoked and as drinkers
or smokers if they reported having used or experimented with those substances.
Parental education level was recorded as the number of successfully
completed years of formal schooling, and we classified the adolescents
according to the parent with the higher education level.
Information about a medical diagnosis of hypertension was obtained
separately from the mother and the father. A family history of hypertension
was considered present when at least one parent reported having been
diagnosed with this condition.
A physical examination was also performed at school by a team of
experienced nurses, nutritionists and physicians. Weight and height were
obtained with the subject in light indoor clothes and no shoes. Weight was
measured in kilograms (kg), to the nearest tenth, using a digital scale, and
height was measured in centimeters (cm), to the nearest tenth, using a portable
stadiometer. Two body mass index (BMI) categories were used in this study;
these categories were based on the age- and sex-specific percentiles defined by
the US Centers for Disease Control and Prevention (CDC):26o85th percentile
and X85th percentile.
BP was measured by trained doctors or nurses in the right arm using the
auscultatory method with a standard mercury sphygmomanometer according to
the recommendations of the National High Blood Pressure Education Program
Working Group on High Blood Pressure in Children and Adolescents.27 Two
measurements were performed after 10min of rest, and the average was
calculated. If the difference between the two measurements was 45mmHg, a
third measurement was performed, and the average of the two closest
measurements was calculated. Hypertension was defined according to the
quantitative criteria of the American Academy of Pediatrics:27 pre-hypertension
was defined as an systolic BP (SBP) and/or diastolic BP (DBP) above the 90th
percentile for sex, age and height when both were below the 95th percentile, and
hypertension was defined as a SBP or DBP above the 95th percentile. To
evaluate the association between sleep duration and BP, the pre-hypertension
and hypertension categories were grouped into one category—high BP (SBP
and/or DBP was above the 90th percentile for sex, age and height).
Food intake was recorded using a food frequency questionnaire covering the
previous 12 months.28 The food frequency questionnaire was validated for the
Portuguese population and then adapted for adolescents, including foods more
frequently eaten by this age group. To estimate nutrient intake, the Food
Processor Plus program (version 7, ESHA Research, Salem, OR, USA), which is
based on values from the US Department of Agriculture, was used. Caffeine
intake was categorized according to the quartiles of intake into groups of
p11.74; 411.74 and p23.61; 423.61 and p45.95; and 445.95mg.
In total, 2787 adolescents born in 1990 were registered at the participating
schools. It was not possible to contact 44 of these subjects, 583 did not return
the signed informed consent form, and 2160 took part in at least some
components of the study (77.5% participation). Among the 2160 participating
adolescents, 126 adolescents (66 females) for whom anthropometric measure-
ments or the BP had not been taken and 263 (102 females) adolescents who
did not report data on sleep were not included in this analysis. Thus, this study
was based on data for 1771 adolescents (948 females).
Compared with the 1771 adolescents included in this analysis, the
adolescents not included were more likely to be male than female and to
have parents with a significant lower level of education. For the remaining
variables (smoking, drinking, sports activities and BMI), no significant
differences were found between those included and those not included.
Statistical analysis
The Shapiro–Wilk test was used to test for normality, and we used the
Kruskal–Wallis test to compare continuous variables and the w2 test to
compare categorical variables. To evaluate the association between sleep
duration and the categories of BP, odds ratios (ORs) and 95% confidence
intervals (95% CI) were computed using unconditional binary logistic
regression models. Crude models and models adjusted for BMI (model 1)
and for caffeine intake and BDI in females and for caffeine intake and sports
activities in males (model 2) were used.
All of the analyses were performed using the Statistical Package for the
Social Sciences (SPSS Inc. Released 2009. PASW Statistics for Windows,
Version 18.0. SPSS Inc., Chicago, IL, USA), and the level of statistical
significance was set at 0.05.
RESULTS
The mean (s.d.) of sleep duration was 9.0 (0.80) h, being shorter for
females (9.0 (0.82) h) than males (9.1 (0.78) h, P¼ 0.038). A total of
517 adolescents (29.2%) reported sleeping o8.5 h per day, whereas
556 (31.4%) reported sleeping49.5 h. Sleepingo7 h was reported by
14 (1.5%) females and 3 (0.4%) males.
The prevalence of high BP (SBP or DBP above the 90th percentile
for sex, age and height) was 32.5%, and this prevalence was higher for
males than females (35.3% vs. 30.1%, P¼ 0.019). The percentage of
adolescents with high BP among those with a family history
of hypertension was higher than among those with no family history
of hypertension (34.4% vs. 29.0%, respectively, in females and 41.4%
vs. 34.8%, respectively, in males), although the results were not
statistically significant for either sex. High BP was significantly
associated with higher BMI and alcohol consumption.
Among female adolescents, the group of subjects who sleptp8.5 h
per day had a lower proportion of subjects with high BP, had parents
with a higher level of education, were more frequently never drinkers
and were more likely to be depressed. We did not find significant
differences in sleep duration according to a family history of
hypertension, smoking, participation in sports activities, caffeine
intake, BMI category or age at menarche (Table 1).
Among males, we found differences in sleep duration with
respect to parents’ education level, sports activities and caffeine intake
(Table 2).
Table 3 displays the ORs and 95% CIs for high BP across categories
of sleep duration by sex and adjusted for BMI (model 1) and for
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caffeine intake and BDI in females and for caffeine intake and sports
activities in males (model 2). Compared with those who sleptp8.5 h,
females who slept more had a higher likelihood of having a high BP.
After adjusting for BMI, caffeine intake and BDI, the magnitude of
the association increased and a dose-response effect was found
(OR¼ 1.56 (95% CI 1.07–2.27) among those who slept between 8.5
and 9.5 h and OR¼ 1.83 (95% CI 1.23–2.70) among those who slept
X9.5 h)). Among males, there was a positive association between
sleep duration and high BP, but this association did not reach
significance.
DISCUSSION
In our study, we found that sleep duration was longer for males than
for females, which is in accordance with other studies that reported a
higher prevalence of insufficient sleep among female adolescents.16,29
Regarding the effect of sleep on BP, we found higher odds of being
hypertensive among those who slept X9.5 h per day, and this
association was statistically significant in females. This result is not
in accordance with the results of several studies12,17 that found an
increased SBP in short sleepers, but it is in accordance with the results
of a study18 that found high BP values among those in the highest
quartile for sleep duration (11.0–12.8 h).
Data from previous studies suggest that the association between
sleep duration and BP may follow a J-shaped curve, with both
short12,30 and long18 sleep duration being associated with an increased
prevalence of hypertension. Our results, showing high BP among
those with longer sleep durations, tend to support this hypothesis.
Our reference class (those who sleep p8.5 h) comprised primarily
adolescents with sleep durations between 7.5 and 8.5 h, and a very low
proportion of short sleepers (sleep durationo7.5 h). The distribution
Table 1 Females’ characteristics at 13 years of age, according to categories of sleep duration
Categories of sleep duration
Variables
p8.5 h
n (%)
48.5 and o9.5 h
n (%)
X9.5 h
n (%) P-value
Females 299 (31.5) 364 (38.4) 285 (30.1)
Blood pressure 0.010
Normal 228 (76.3) 245 (67.5) 188 (66.4)
Pre-hypertension 29 (9.7) 62 (17.1) 37 (13.1)
Hypertension 42 (14.0) 56 (15.4) 58 (20.5)
Parents’ education 0.002
0–6 years 73 (26.2) 81 (23.6) 83 (32.8)
7–9 years 44 (15.8) 78 (22.7) 65 (25.7)
10–12 years 81 (29.0) 85 (24.8) 57 (22.5)
X13 years 81 (29.0) 99 (28.9) 48 (19.0)
Family history of hypertension 0.939
No 187 (70.9) 218 (69.2) 165 (70.5)
Yes 69 (26.1) 85 (27.0) 63 (26.9)
Do not know 8 (3.0) 12 (3.8) 6 (2.6)
Smoking 0.070
Never 205 (69.3) 272 (75.1) 212 (77.4)
Ever 91 (30.7) 90 (24.9) 62 (22.6)
Drinking 0.002
Never 110 (37.3) 161 (44.8) 144 (52.0)
Ever 185 (62.7) 198 (55.2) 133 (48.0)
Sports activities 0.227
No 160 (54.6) 216 (60.7) 164 (60.5)
Yes 133 (45.4) 140 (39.3) 107 (39.5)
Quartiles of caffeine intake (mg) 0.066
p11.74 51 (19.4) 84 (27.2) 72 (30.1)
11.75–23.61 64 (24.3) 82 (26.5) 59 (24.7)
23.62–45.95 70 (26.6) 75 (24.3) 49 (20.5)
445.95 78 (29.7) 68 (22.0) 59 (24.7)
Total BDI-IIa 7.0 (3.0; 12.0) 5.2 (2.0; 10.0) 6.0 (2.6; 10.5) 0.013
BMI (kgm–2) 0.080
o85th percentile 224 (74.9) 288 (79.6) 204 (72.1)
X85th percentile 75 (25.1) 74 (20.4) 79 (27.9)
Age at menarche 0.145
412 years or not yet 108 (36.4) 112 (31.1) 100 (35.5)
12 years 107 (36.0) 129 (35.7) 83 (29.4)
47 years and p11 years 82 (27.6) 120 (33.2) 99 (35.1)
Abbreviations: BDI-II, Beck Depression Inventory II; BMI, body mass index.
aResults are presented as median (25–75th percentile).
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of sleep duration in our sample may have prevented us from
identifying an association between short sleep duration and high BP.
The mechanism linking long sleep duration to hypertension has
not been studied in depth and remains unclear. Some studies have
shown that a long sleep duration is associated with less physical
activity and consequently a higher BP,31 but this association was not
found in our study. Another potential mechanism is related to the
metabolism of cortisol; however, we could not evaluate the role of this
mechanism because data on cortisol levels were not available.
We found a significant association between longer sleep duration
and an increased risk of high BP only among females. In adults, the
endocrine environment during menopause has been reported to be
one possible explanation.6 A similar effect related to the effects of
puberty may be expected during adolescence. The sex differences may
be related to differences in the maturation stage: females are usually
biologically more developed than males at the same chronological
age.32 Thus, it is acceptable to assume that females at this age need
less sleep, making the effect of a long sleep duration more apparent.
However, in our study, adjusting for age at menarche did not change
the magnitude of the association.
Gottlieb et al.31 found that both short and long sleep durations
were significantly associated with depressive symptoms. In our study,
we also found higher values of depressive symptomatology (BDI)
among females with lower and higher sleep durations. As depressive
symptoms may be related with sleep disturbances33 and with BP,34 we
decided to include this variable in the final model. Similar results were
also found regarding caffeine intake.35
One limitation of this study is the methodology used to estimate
sleep duration. However, a study of high school adolescents found a
moderate correlation between actigraphy results and self-reported
total sleep time for weeknights (r¼ 0.53) but high correlations
between actigraphy results and self-reported bedtimes (r¼ 0.70) and
wake-up times (r¼ 0.77).36 Thus, even with the limitations regarding
the accurate quantification of sleep time, we can accept that our
measure is good enough to discriminate our participants according to
their sleep duration.
Another limitation of our study is the BP measurement because BP
may vary throughout the day and between days37 and the diagnosis of
hypertension should be based on at least three separate measurements
over a period of time.27 Our method of assessing BP may have
Table 2 Males’ characteristics at 13 years of age, according to categories of sleep duration
Categories of sleep duration
Variables
p8.5 h
n (%)
48.5 and o9.5 h
n (%)
X9.5 h
n (%) P-value
Males 218 (26.5) 334 (40.6) 271 (32.9)
Blood pressure 0.108
Normal 143 (65.6) 205 (61.4) 184 (68.1)
Pre-hypertension 27 (12.4) 66 (19.8) 40 (14.8)
Hypertension 48 (22.0) 63 (18.8) 46 (17.1)
Parents’ education 0.003
0–6 years 48 (23.0) 54 (16.7) 60 (24.0)
7–9 years 34 (16.2) 56 (17.3) 66 (26.4)
10–12 years 60 (28.7) 101 (31.2) 67 (26.8)
X13 years 67 (32.1) 113 (34.8) 57 (22.8)
Family history of hypertension 0.247
No 137 (72.9) 200 (69.0) 144 (67.0)
Yes 45 (23.9) 84 (29.0) 69 (32.1)
Do not know 6 (3.2) 6 (2.0) 2 (0.9)
Smoking 0.275
Never 160 (77.3) 269 (82.5) 208 (82.2)
Ever 47 (22.7) 57 (17.5) 45 (17.8)
Drinking 0.475
Never 91 (43.3) 158 (48.6) 122 (47.5)
Ever 119 (56.7) 167 (51.4) 135 (52.5)
Sports activities 0.014
No 108 (50.9) 125 (28.2) 113 (44.0)
Yes 104 (49.1) 202 (61.8) 144 (56.0)
Quartiles of caffeine intake (mg) 0.009
p11.74 35 (17.9) 83 (27.4) 58 (26.0)
11.75–23.61 43 (22.1) 78 (25.7) 57 (25.6)
23.62–45.95 50 (25.6) 84 (27.7) 55 (24.6)
445.95 67 (34.4) 58 (19.2) 53 (23.8)
BDI-IIa 3.0 (1.0; 6.0) 3.0 (1.0; 6.0) 3.0 (1.0; 6.2) 0.973
BMI (kgm–2) 0.070
o85th percentile 150 (69.1) 242 (72.5) 211 (78.1)
X85th percentile 67 (30.9) 92 (27.5) 59 (21.9)
Abbreviations: BDI-II, Beck Depression Inventory II; BMI, body mass index.
aResults are presented as median (25–75th percentile).
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resulted in an overestimation of the prevalence of high BP because in
repeated assessments, lower values would be expected.38,39
Nevertheless, the BP measurement was performed at school, in the
adolescents’ usual environment, which would have helped reduce any
‘white-coat’ effect.27
Our study was conducted using a representative sample of
adolescents because school education is compulsory in Portugal until
15 years of age. We also had a high level of participation, and in
general, the adolescents not included in the study were similar to
those that were included with respect to all variables except sex and
the parents’ educational level. Differences related to sex were
minimized by stratification; nevertheless, the included adolescents
had parents with a higher education level. Several studies found that
lower socioeconomic status can contribute to disparities in health,
such as poor diet, lack of physical activity40 and changes in sleep
duration.41,42 Wells et al.17 found that sleep patterns are associated
Table 3 Association between sleep duration and high BP (SBP and/or DBP are above the 90th percentile for sex, age and height) in 13-year-
old adolescents, by gender
Variables Crude OR (95% CI)
Adjusted OR (95%CI)
Model 1 Model 2
Females
Sleep duration
p8.5h 1 1 1
48.5 and o9.5h 1.55 (1.10–2.18) 1.68 (1.18–2.40) 1.56 (1.07–2.27)
X9.5h 1.62 (1.13–2.33) 1.61 (1.10–2.34) 1.83 (1.23–2.70)
Parents’ education
0–6 years 1 1 1
7–9 years 0.92 (0.61–1.39) 0.94 (0.62–1.44) 0.80 (0.50–1.26)
10–12 years 0.69 (0.46–1.03) 0.71 (0.47–1.08) 0.62 (0.40–0.97)
X13 years 0.81 (0.55–1.20) 0.86 (0.57–1.28) 0.75 (0.49–1.16)
BMI
o 85th percentile 1 – 1
X85th percentile 2.90 (2.13–3.96) – 3.08 (2.20–4.33)
Quartiles of caffeine intake (mg)
p11.74 1 1 1
11.75–23.61 1.01 (0.66–1.54) 1.08 (0.69–1.67) 1.01 (0.65–1.54)
23.62–45.95 1.15 (0.75–1.77) 1.20 (0.77–1.86) 1.16 (0.76–1.79)
445.95 1.06 (0.69–1.62) 1.13 (0.73–1.76) 1.07 (0.70–1.64)
BDI–II 0.99 (0.97–1.01) 0.99 (0.97–1.01) 0.99 (0.98–1.02)
Sports activities
No 1 1 1
Yes 1.06 (0.79–1.40) 0.99 (0.74–1.34) 1.04 (0.76–1.42)
Males
Sleep duration
p8.5h 1 1 1
8.5–9.5h 1.20 (0.84–1.71) 1.27 (0.88–1.86) 1.20 (0.82–1.77)
X9.5h 0.89 (0.61–1.30) 1.01 (0.67–1.49) 0.91 (0.60–1.38)
Parents’ education
0–6 years 1 1 1
7–9 years 1.08 (0.69–1.70) 0.96 (0.60–1.55) 0.95 (0.57–1.57)
10–12 years 1.01 (0.66–1.52) 0.85 (0.55–1.32) 0.97 (0.61–1.54)
X 13 years 0.76 (0.50–1.16) 0.69 (0.45–1.07) 0.65 (0.41–1.04)
BMI
o85th percentile 1 — 1
X85th percentile 3.77 (2.73–5.21) – 3.91 (2.75–5.57)
Quartiles of caffeine intake (mg)
p11.74 1 1 1
11.75–23.61 0.66 (0.42–1.02) 0.66 (0.41–1.04) 0.67 (0.43–1.04)
23.62–45.95 0.84 (0.55–1.28) 0.94 (0.60–1.47) 0.82 (0.53–1.25)
445.95 0.89 (0.58–1.37) 0.99 (0.63–1.55) 0.88 (0.57–1.35)
BDI–II 0.98 (0.96–1.01) 0.98 (0.96–1.01) 0.98 (0.95–1.01)
Sports activities
No 1 1 1
Yes 0.86 (0.64–1.15) 0.87 (0.64–1.18) 0.90 (0.59–1.23)
Abbreviations: BDI–II, Beck Depression Inventory II; BMI, body mass index; BP, blood pressure; CI, confidence interval; DBP, diastolic BP; OR, odds ratio; SBP, systolic BP.
Model 1: OR adjusted for BMI in both genders.
Model 2: OR adjusted for caffeine intake (mg) and BDI in females and adjusted for caffeine intake (mg) and sports activities in males.
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with SES, with the wealthiest group having the shortest sleep
duration. In addition, our results indicate that adolescents whose
parents’ education levels were higher were the subjects who reported
shorter sleep durations. Thus, it is expected that our prevalence of
short sleepers was overestimated. However, in our sample, the
prevalence was so low that our associations are most likely not biased.
CONCLUSION
Our study provides evidence for an association between longer sleep
duration and an increased likelihood of high BP in 13-year-old
females, but no significant association was found for males. These
results suggest that sleep duration might have a role in the etiology of
hypertension, although a better understanding of the potential
J-shaped effect is necessary.
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